.Jiin. 20031 17: 22>3 09-5FREEHILLS meLB 613 92881567 FfiX:+ 



No.4892 pmP- 3e 



M THB UhaiBD STATES PATENT AND TRADSMAIK OFFIGS 



Aj^iosQt 

jtafinUoBDw : 
Title t 



VAMBAAia<008«tal. 

0^31,971 

May 16, 2001 

PCI/AWW)JOW 

Nov«Bl»rl8,1999 

UMHSD COHBRBNCB STBRBO OPHTHALMOSCOra 



DBGLARATION UNDBR 37 OfiL JMTW 



I. Gbtatopher Edmsdi, miding at Lb Heaimeito, Sttta Read, St Maitia. Ottemiey. 
ftato! 

I. I am a Ugnl pnettdioaflr admitted to piafitiBa b Wiatem Aasttaltap md ma fenoarly 
OQ^IoTBd b}r d^too UtB| of 108 St Ckotgo'ft Tcmeci PffA. Wtrtim AwtiiUft fiOOQ» 

of Con CStfoiher WaitBvtli. 

flmpl^yee, Drhul Von Saorboa Q»nlH(te Vbo SoailooO. 

3. On S Juiifi 2001, 1 despfllsbod % Ivttn Df Vmi fiairloos' k'VTymi Com Cfannbtn 
WeR0Mb. A cast of ihfit letter ead eooloiufiefl b exUUtod henno n BKhtbb CB-L l 

flunflfm fhut ftii i^flgmnmtf fpanffl^ in lliw 2 nf thh imet af fhft leitto xyBM malftittd with 
dial Isttai and that flit nifttlraid * V^vw of fittnuy doauountBtloa*' wu & Oospbht d 
Deelsnilon end Power of Attorney >vitfan Rttaeb^ BpeoifSestbo, cialms and dnwingi. 1 
know, fltan lubiequant exchangee with Dr Yen 6aail009* law^. ttit Di Van Saaitooe 



2-d 
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Attoneyi ^pgdfloft'Hoiii dUms and dnunBgi. 

I hml7 totan ttst aU ststmiBis flu^ 
itsliminti Bftdf on liAmtlm 

at8temoraMfaeffl0de«rffh(hata»mli4B«^ ftlseststemsBtsmdthoUkssomade 
m puoUhAle by Sia or tavriscmmini or mdn Sectum 1001 of Tltto IB of the 

appUealioB or sny pitait iBBued ftmoni 





CystiThar Edwards 



53^0 B^m wir 
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CLAYTON JTZ 



Oor Rafiireooei 

Chris Bdwaids JAL:60001001 
Solicitor 



?enhWA6000 
Auftriili 



OPOB0KPI214 
P«rHiWA6001 



5 JtineZOO] 



Ph6l (0)t 94364000 



PRIVATE AND CONFIDENTLIL 



Oy^«T-M«dboumt 
BriBteno -Pefih 
Cinb«xm*Daiwin 



MrMerkDwyer 
Com Chamben WeatBaith 
CPOBc2x992S 
PBRTU WA 6001 



Dear Sir 

PAUL VAN SAARLOOS 

Wd raftr to our letter of 24 May 2001. 

Wa enelofia hftrawith an Afltigmnant and Powar of Attorney doottmentation in tclettoa to A Jpatent 
epptioation titled "Limited Cohfizenoe Stetioo OphOialtnoiGopfi*' fbr your cliaof a oompleden. We an 
instxuctod that fho dowinonta aro of a kind tbat have beoi prevloudy executed by your client without 
comment You mil have noted that yout ollenfe employment oonlnct clearly atatca (hat fhe 
ownership of such intellectual property U to rest with our client 

Wa alflo note that your client baa ftdled to axacutv and retuin doeumanta pravioualy fbrwerded in 
relations to patents for die *'Z«A3cl8 TMOtor"* and "Improved Apparatus and Ftocedute fbr Ultraviolet 
LoBcrAbladon^ 

Kindly ensure that your client completes all documentation and returns it to us without delay. You 
will appraoiote diat any delay \y your elient in returning the completed documentation to ua baa the 
oapaciQ^ to cause our olieat losa, and we t^ut you on notioe that our oliant merves its rights to claim 
Bt^t your dlent fbr auch lofls should your client fail to adhere to his eontractual ohlig^tionfi. 

Youra ftithfiiUy 




Sttol* 



41275fi/AXQ 
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Cinatfa 



.ASSXONMENT 
(PtteBl, PhIcM AppOctttai) 



Id GDmUaaden of ihs sum of Ooe POUtf (9 1 .00} fori other fiood ettf vaiaiblc coniidBntloib rmtpt of which Is temhy 
uknowtedifla 

I, Paul Phillip Van $urioQi or H Dunstw Aofttf, Kftffinyup, WedCDm Austnlit 60 1 S, Aoititdia 

^kfli«hyfleArhmmyCottr)uloi«Mi|aiim&wfoudBE^ uslgB, tmsftrindseiewto 

Tte Uom Byv faudiutB of Wmni AvBT&Ua inGOtponiDa of 2nd Aoor, 2 Venlun sm, NedUtndSi Weston AusnJU 6009, 
Auscntti 

(A) iQ7(out)eatli»tlgh(,aUeindliuaaiforCaQ8italaBndtomam 

"UndtBd Cohoem Stono Op&mftlQomp^" 

0) uniltrieilMhttddosfiilbedi&uippUM^ 

Of to nM «n4 Q«nm| mo (ut) u Om iivrnioKOk or 

(II) ubUyseiiMfiBdduofiwdlanippUsidmAarLE^ 



OH) Ufi)Ilymf&nb«ndfaalbedten«iQn8lphincDiQrtee:itt^ 
loMittoAo] AppUoftlioD Mo. PCTTAWMIOM 

to|«tfaar wish ay (ou) cniin dtte and Intereit fa nri to iitd ipplMoii or nailenal phise amy, any ana lU dIVlBtOaa . 
oppUcituea thenor»QailsnyBul&UUQfiTiItemofC8hBdattrh!chaiyU^^^ 
of tsim fbr whioh aMi uM UUMi Pa(Ml fflfly bl gmoid! 

(8) my (oai) tntfaodifit, ti&U end intcfestla iml id CfludlmPttBtttNo. 



AND Itwe) hereby snihoiUaiheluuazicfiCottidurigDeeofaByftBdilliiidL^ iifttidMtf»wlgEw»of 
iosti reprtMatolTei. 

AW I {9/ti, on tehair of mynlf (ouiselves) and my (our) oxeoiton lod idrnfausmtort. horeby eovetniM and n da sll 
cttch Iflwf^ acta and thing w4<oottOttiBwithD«fbifaa' COM aaaiszuDontot doGnnenUi asfttFaocoSi 

appUeaflooS) aod othfirtBsmnnBRi um^ntsoocbly bOlOQUttoaby aaldauUm b BaaeoKocs* iiilsBSor bed 
fBpfasflftteUvei, to dbnliLa&y and bU letUM Patam of Guudft (hf tiid inytntlon and vott tfia laffla in Mid aiiiyai, Ita 
dHo a>n <BB» ftffol|pBa or {tfgfl Rproftaotftdvoi* 



Ufld«fS0ttllNO. 



or 



luooi 




<tayof. 



20D1 



A. 



WltoaaaNanttf 



PaulRdUipVnaairiooa 



7^ 




rHPM6LCDN0n28OOfi.5* B May 2001 (11:20) 
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AiSSIGNMENT 



IN CONSmERinON of the sum of 0ns Doilar ($1.00), mi other good afld valuable 
consideration, lacaipt of which is hereby aeknowtedged, 

Paul Philltp Van Saarloos of 14 Dunsnr Road, Kaninyop, Western Australia 0018. Auatcalia 
EOEREBY SELL ASSIGN AND TRANSFER to: 

The Lions Eye Institute of Western AuBiralia Itaeorporated of 2nd Floor, 2 Verdun Street 
Nedlands, WdBtfiffl Australia 6009, Australia 

Its successors, aaslgns and legal repnsentatl ves the endre right, dtb and hitarast for the United 
States and all ftnejgn countries. In and to any and all in^provanunta which ere disclosad tn the 
application for United States Lettm Patent and is endtled 

Ximited Coherence Sterso Ophthalmoaoope'* 

which appUcaiion was executed by the undenlgned on the day of and 
tn and to any said application end all divisional, continnations, subsdnitoi tcnewaly reiBSoe, and 
all OOusr applicadons for Letters Patent which have been or ihall be filed in the United States and 
In any and all foreign countries on any of said inprovemfints, and in and to aU original and 
reiasued patents whidi have been or shall be Issued In Ae United States and all foreign eounuiaa 
on said Iniproveindata and the dightt^aU benefits under the Ihtemado^ . 
Protecdon of Industrial Propeity. 

It'is hexeby authorised and miuest ihac ma Qimmisslonsr of Patents and Ttademarks issue any 
and all said Letters Patent, when granted to said Assignee. 

Purser it is agreed that when tequasiad, without charge to and at the axpenae of said Aseignee. it 
BUccesBors, assigns and legal repitsentatives, to carry out In good faith the intent and purpose of 
tbie aasignment, die undersigned will execute all dlvlslonali ccndnulng, substiQioe. xenaWBl* 
reissue, and all other patent applieadens on any and all esid improvements, execute all lighthii 
oaths, asalgnments, powers of ettomey and other pfiparo; oommumcate to said Assignooi its 
successors, assigns and representadves, all facts known to die undenigned rvleting to said 
improvements and dw talscory theieofi and generally do everything possible which said Aaaignfie, 
its ^Buocessors* aosigno or representadvcs shall consider desirable for aiding In securing and 
maintaining proper patent proteodon for said improvements and for vcsdng title to aaid 
improvements and all aj^ Ucatlona for patents and on all patents on said tncfpTOV«nentB» in said 
Assignee, Its sucoessor8« and legal roipresentatives. 

We Qovensnt with said Asslgneot Its sueeessors, assigns and legal lepresentadvea chat no 
assignment grant, mortgage, license or other agreement affeoting die ri^is and property herein 
conveyed has been made to others by the undersigned, and that full right to convey the same as 
herein expressed is possessed by the undersigned. 

SIGNED ajX 





- Paul Phillip Van Saarloos 




Witness Signature 
Namet ^ 
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AnonieyZ>ockei>ro. 

^MBRCBANT A GOULD ?.C. 
UnUed Stabs Fbtoiu AppIlcailoA 
CCTBimiNBD DBCLA1U110N AW POWER OF AT^ 
AsiMowiuunodlnvmtgrlhticebydcdLuvtihAb n^naidaicc^ post pfTiDcnldran and 

I vsfUy believe I am the oiltfDld. first Bodsd^ Inventor (if only one nimeiiliittd below) oi a 
mobi bebw) of the flut^vct mBttsr wbidi b chimsd mid for which a pateai li fought on (he ioventloo enttdecL 



ThftQieeifie&tion of which 

a. ]8 teaOBohedhemo 

b. Qimfiltt)ott UipipUcttbaeflrialfio, a&dWBdamafldodon 
appUoftblfi) <hi tho cm of a PCT-flM flj^lleatlaB) tfescriM etid cUtaned )o lniBnuttonal no* died 
andasamoodedon (ifai7),whl4ShIhaverevlewedaDdtoa1ilohlBoUdtaUdt»d8tatBapai^ 



(if 



I haniby ataifi that I have nviawed and ondecstand tha eoomia 9f iha abov»4d«itlfifd apaoifiealioBu Indudlni Ae glolnifli oa amended by 
Mojf aassodmcDt laftned co ahove> 

1 MkBowkdso ih« duty to disclose Uribnoatlon wnielt Ib outertal to ihe p&omtabauy of this an^ieation m aocoidaDce with Titla 37. Code of 
nadanl Regiilatunu, § li6 (ooaehad herato). 

1 heieby claim fbrelgii priority benefha nodM Tid» 3Si United Sutes Code, § 1 i$f3€S of any fmlgn ap]»llcation(a) fbr potent or Inventoi^ 
cemflcate lined Mow and have olao Identffied Mow any fnlan 8(ppncadoo for patent or invencor'a oartiflcitfi having a flUog date befoi a 
that of the applUatlon on the baaifl of whkh prkkdty b claimed 

a. P tM eueh ^loadoai have baen fUed, 

b. ^ such appitcatlona have bean filed ei (bUowsz 



UATBOrmUEtfO 



mTsorissuB 

tfo.«ttaih,ir<ert 



PP 71B5 



IB/11 /I BAR 



AUSTRALIA 



PCTAU9B/01024 I 1B/Il/I99fl 



cowntv 



<dw,moat^»wt» 



mxKOFisaus 



I hofobry claim die benofli undor Tide 3d« United Siacea Code, 9 12(V3e3 Of any United States and FCT Iniflmadonal appHeatlonts) lilted 
below anl insofar u the suft\|fict matter of each of die cbdms of this ipplleaUen ii not dise]loeed in die prior United States applbetioB la the 
maimer provided >y the flxat parasmpb of IWe 33, UMted States Code, 9 112> I acknowledge Che duty to diaclose roaterisl toFonnalion as 
defined la Tide 37, Code of Sader&l EUgulodoas, § I i6(ft} whioh oecunad between the fiUng date of iho prior apfdication and tho oadonol 
cr Per imematlonal flllng date of this appUoadon. 



5 



grAtl?gCMt«itta,DsnfflM. s^ianacMin 



I htreby claim the benefit ondar Tide 35, United States Code % 1 19(e) of any United 8latcs provtslonol nppllcatioii(e) listed below: 
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1 hocby dedtro dial lU sunmmi xDBdo ticrdn of ZE^ 
bfiliBrad to be tnsi and ftirthtf tiut 4uu 

pufdshd}lebyfimorix)qnrt&ODmeitt,arb^ 1001 ofTltoldorKhfllMtadSwesCodeaitfaittUChwil^ 

may Jeopardiza ihe validity of the flppUefidoB ai any pAtent iuofid dmoo. 



1 


Oflttvolor 


VAN SAARL008 


?m 


fioBoad etna Rime i 


0 




KARRZRYTJP 


fftsta or tadcB CoBSOry 
WESTERN AUSTRALIA 


OoBBttyofnmwiwwn 
NEW ZEALAND 


I 




loaoaiMAaaMi 

14 ODNSTEB ROAD 














1 




FiaXNHOLZ 


fflntOhaiNiiae ^ 

FSBD 


taaBBeiTanuw 
NORBBRT 


0 








3ALZA 






Iddm 




BLOftttAH 


State A codirCduQtry 
W.A e014/An8TRALTA 




imrforiBmnrs 






3 


orsmotor 










9 




City 






fl 




taiomwAMrwi 








iBBV cf bnslflv SVSi 


0ate 


a 


Of XonrcBttr 




BintQlvniNuu 






0 






snni orMttstiOouiitry 


OottiibtflfCidBCBiMp 


4 


JPntOfRcs 
A«te« 


PoBlOillci Addm 






fllpntoK of hiNBltt 2A4t 




1 




noBnyffim 


nntGtn&Name 




SnondObrvBNUM 


0 






Jtau or Ferctpi QffBtry 


G0QiiU7orciittt&ahlp 


1 ' 


roitomsc 


PMtOfnHAddNai 




Bt&lft ft SUp CodttfOoaBtiy 


1 BtsDKonetimmMi 


Ditar 



3 
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] hoc^ oppolat the tblioivins tnomc7(fl} and/or patent asBat(4 to pnuroirts this ippliQitbm bxbI to tnuUM lU buslQCSS in the Famt U0 
Ttndemark Offloe conzificted ksrswith: 



Banli, Brian IL 
BeatdfJohnL. 
BcnSt JolnMi 
Black, Btuotfi. 
Brash. Jolm Wi 
Breaar^DtenniiC 
BruBssi Steven C. 
Bynm, Linda M. 
CHmpMlXoftb 
CBrlioa,Ala&0. 

Cblapetta, Jflttoa Ri 
CUICi3(xd« John A> 
Dai^iili^BaDaldA. 

DaIglUh.L«BUAB. 

D«ulKm»JuUe2t 

DfiVrltt Smith. Kalhdfins M. 

DiPiotroi Muk J. 

BdflU. Robot T. 

Bpp Ryani Sondn 

daooe, Robert X 

QoggiP, Matthew;. 

OoUa^ChBriflsE 

OonnAOi Aland 

GouldJcrfmD. 

OrB^gKKii Rlohsnl 

Orenana. John I 
Hamsr» Saorael A> 
Hamm. Curtis B. 
Hafriaotif Kovin Ci 
Hfittaborgi Brett Ai 
HlUaoniRAndaUA^ 
Kolaer.Jr, RiehardJ. 

JOilllltODiSoQttW. 

Kadi&viteh.Mfit&llfiDL 
Ktttjeker, Shaukai 
KaatelkJosei^M* 
Kettelboryari Deniac 
KBysLJeraniAL 



R*g.Ko.4(M«l 
Reg. No. 46359 

Reg. No. 32^ 
R»i. No. 07.612 
Reg. No. 43,496 
RcB.No.41^ 

R08N^ 41439 
R«B>N6.40^ 
Reg. N6. 34,130 

R8g.N0J'-46,397 
Rag. No, 25.959 
Reg. NO. 33,227 
Reg. No. 39,634 
Re&No. 30p247 
R^Mo.25,96S 
Reg. Nb. 34,994 
Reg. No. 40579 
Reg, Nb. 36/^14 
Rag,No.42,tS7 
Reg, No. 26,707 
R&g. NflL &5,lfi7 
Reg. No. 39^67 
Reg. No. 40.620 
Reg. Nb. 44^129 
Reg. No. 21896 
RogiNa 38,472 
Reg.ND.lg.223 
R^. No. 41,804 
R<g. No. 33,112 
R^.Na]M6;754 
R0g.No.29»165 
Reg. Na^46,759 
Reg. No. 42,660 
Reg. No. 31,636 
Reg. No. 42.668 
Reg. Na 39,721 
Rfig.NQ.34.19(S 
Reg. Na 34,049 
Reg. Na 37.160 
Reg. No. 93,924 
Rag. No. 42.724 
Keg. No. 21,197 



KowtO^hykiAlaoW. 
KowBldQk. Kaiherlne M. 

Laay,9aulK. 

Urson.JuD8iA. 

LlepaiMareE. 

LMauiBUTuDothyA. 

LyokB|La(wmoaB. 

McAuley* Steven A. 

McDonald. DanlalW. 

MfiBitytb,JT.,WllIlamF. 

K^ttar^DouglaaP. 

PAUy.DnielM. 

PhUUpB, BtyanK. 

RdlUpStJQhnB. 

PlunbtuTheotfon 

FttodetgaslfPanl 

)P>ytel, Melissa J, 

Quftle/iTcny 

Reieh, John C. 

ReOoDdiBailD. 

5ehmalhi.I>avldQL 

Sctittfflan,Mafl:D. 

fiehumaaa, KAeihaal D» 

SBuUt Timothy B. 

Sebflld, Qi i ^goi ' y A, 

5kU0g,MfllkT. 

SpeUmatw Steven J. 

Sio]>-DeBell,Xlr5dnL 

SuAnar, John R 

SwenaoHiBrikG. 

Mlekaon.DavtdK. 

TreolbatbJonR 

UAderhUJ,Aibe8tL 

Vandex^bargb, J. Derek 

Wahl.ldhoR. 

Weaver, KairioO. 

Wettcf , Paul A. 

Wblpp9,Briin 

Wlcl:hem.J.Seot 

WiOlamBtDouglBBJi 

Witt, Xonelle 
Wu,T\mg 

zeuUfAnthoviyR. 



Reg. Na 31,533 
Rcg.NQ.36.S4« 
Rog. No. 38,946 
Reg.NQ. 40443 
Rag. No. 40,066 
Reg. Na 40701 
Reg. Now 39^ 
R0g.No.46X)84 
Rag, No. 32,044 
Reg. No. 44921 
R(^. No. 30300 
Reg. Na 40.123 
Reg. Na 1^46,990 
Reg.No,»,206 
Reg. No. 37009 
R6g,N0.4&D6B 
Re&No.4l,Sl2 
Ret.NQ.2S.148 
Rog. No. 37,703 
Rog. No. 23,767 
Reg. No. 39,028 
Reg. No. 31.197 
lUg. No. 30,432 
Reg. NO. ^,137 
Reg. No. 33«280 
Reg. NO. 40,178 
Rag. No. 45,124 
Reg. Nd, 43,164 
Reg. No. 20,1 U 
Reg. Nd. 43,147 
Reg. Na 32^14 
Reg. Na 38,344 
Rag. Na 27^903 
Reg. Na 32,179 
Reg.Na 33»044 
Reg. Na 43,245 
Reg. No. 20890 
Reg. Na 43,20] 
Reg. Na 41,396 
Reg.NaZ7,(»4 
Reg. Na 41,980 
Reg. Na 43,361 
Reg. No. 39,136 
Reg. Na 43,333 



I hereby auiborlsse them to eot aoa rely on insduotions Qom and eoaununteatB dlreetty with the panoo/asfllgnefc/ateaRteyifim; erganitatiofl 
who/whieh flnt eenda/aenl ihte eaae (o Ifem end bj whom/wh&di J Hereby decUre Uut I have oooeented ofltar hUl disdosure to be 
represented unlessAintil 1 inatrufit Merchant ft Oould PI!, to the oontrsry. 

Pleeae diroct an correspondence in thifl eaae to Mcrchanl & Gould P.C at the addreas indicated bdow; 

MscSiaetftGonldP.C. 

r.aBQ9i2903 

Minneapolis. MN 55002-0903 
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Qf&mator 








ft 




Ctty 


StetB ox CmbIit 


emttf ofrfchMhiMp 


6 




Fmi OflssAddruB 








noro Df innaomdi 


Sum 




£ 


FtaOKum 
OfbrnoMr 




nmoiuBNiBBi 


BMoadOhMNaae 


0 








OOUfiUfy otCStiifliudd|i 


1 


PdstOfOci 
AdditD 


Flit OffiBi Addratt 




8titoAZ^Oodo'Ooiai»7 




i(Uf ofthinaiorai 






2 


raiNftnB 
Of lovurtif 




rSntOhuNaoio 


Soooiid €lm KtiBC 


0 


HBRBcnn 


QK)f 


Otoi or f^rotgD CooBti^ 


OODBOyorciOBaasMp 


8 


PotlOfBce 


FosfcOfneiAddna 




StitD A 2t» OeddCtnlry 


Slinimn dT bmlir TSAi 




1 


Of bnater 


V&dI^ Nbbu 


nmOlvntQtu 


Vimocimpuno 


ft 


PjttHtitt 






OowTitiy pi CHtlflBJlip 


9 




PiDaQinetAdflnffi 




ftZIp CodcfCoiutry 


StauabM Of Ittvttitor 2IEh 




a 


Of luvtutvr 




VfarttOtniiKiiiB 


OfcOBd 01m ttam 


1 






BUtt or FiN^iD Cowi^ 


Country of GhlMulvlp 


• 


INftOfOoe 


FoAOfflMAddno 








inmof nrauBTS 


LO; 




Pass; 





4 
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{136 Duly to oraoseinrmnfltlDii maters 

(a) ApnibyiZBverynamiOlltftectBdwitbfipuUioiiitnest TtiepubUcfnOemtIS best served* and t!w most 
^taat extmxAttlon occurs wfaea, at tima aa appltoaHeo U iMing aaairiinad, tta OTlea la awars of aad evaluatea the tttyhinCT of all 
biftzniiBiiao nuterkl to ptiemabllUy. Bach liuUvidual flwclaKd wltb tho llUns ano piosecutlOQ or 0 Dateot appUstion has a amy of candor 
and good fidtbta dealing vUh the CMBoa,wUeh faieludiiadutytodiadosatothaOfflroalllftf^ 
roatBrialtDpBtBOKflblu^BsdflanedlDthlatealoiL ThadatyodlsdoeiBlDtbnnatianaQSttwitlinBpMtoeaflb^ 
Is oaaeeled or withdrawn Ihmeoni^ldenUSon, or InfecmtiMnaierlaltolhepAlsnlabilityQfadaim 
that la GBnceled or wmuirawn {jfom oonsldcmlon need iKX be »bin^ 

reminlnB under eonildaratloo ia appUoadon. There la no dity to aabodtinfemalm whUKla nottnaterifll to dtopeteatafaUIfy of atiy 

extadag Claim. TheduiyiodisdoioaUinriunatio&knowotobeinatfirlEin 

to be aatarial to patontabiUly of any okim iaaoed 1b 4 pata^l wu 

§tlS7(bHd) and 1.98. However.sopaiBAEWlUtegtvnfidQnanspplutlonint^^ 

or aneaapifid of the duly of dlsdoiuie was vblated through bad filth or hiitiitionil ndwraduat The Offiee e&souragea opplioaotg to 
catoftillyoxBininD: 

(1) priorandtBdlflsearebreporcsofafbiolgftpuetnonioetnaGOttmeip^ 

(2) the doKBi iDlbnnuion over wUcb individuals auodsied Wldt the OilQg or pioaecution of a patent applieadon 
believe any pe&cQng eUim patantahly defiaei, to artaka awe (hot aay matorial iaferniatlen oonlalW theieln l» dlseleaed to ^ Oflte. 

(b> Under A)s aaetloa, infbnnatioh is mataiial to patamabOl^ when It la oot etuaukdve to infonnatbn elreedy of reooid or 
being nude of record to appiUcatlon, and 

(1) n tttabSBheSi by loelf or in cofflblnadoo widi other infbnnatiBn, a prtcna fiule case of ifflpateotaUIity of a claim: 

or 

(2) KrvnitBS, or la inconaiamm a positkmibe applicant 

Q) OPPOUns U) ireumenl of uopaicotablllty idled on by the Office or 

CU) Aaaoxtlng an amufflsnt of patentability. 

A pricta Qtde oaaa of unpatentiUlity ie estaUiabed when tbe Information compels a eonduslan that a claim is unpatentable under the 
pieponderanca of evidence^ bnrdaiHsf-praof atandaid, giving each term in dko olaim ita broodael roaeonaVIoeonstraatJon conalstcot wldi the 
speolRcatton, and before any considarBtioo is given to eWdenee which in^ 

patentability. 

(e) ledlvidtuJa a aa ofli eta d with the filing or proeooudOD of a patem f^lloadon whUn dM meeoing of this aootion atoi 
(1) Eeehlfiventorneflaedinthcapplieattfln; 

(3) Beah attorney or agent who prepares or proaeeutea (ho epplleanon; and 

(3) Every other penon who b avVstaallvciy involved In the prepantlon or ptoaecutlaa of the applicedon end wlw la 
assoGUted with the inventor^ with the attlgnea or with anyone to wiiom there la an obUgadon to assign the ^ipUcatlon. 

(d] Individuala othar flian the attcmey, sgant or InvenCor may com^ with ihia secdon by disclosmg fnfonnaiion lo (he 
ano»ey> agent, er mventor. 
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UMITED COHERENCE STEREO OPHTHALMOSCOPE 

Flatdofthelfwflnfipn 

Tha present Invention relates lo a method and appantu« tor the 
nsraoacople examination of. for example, the fundus of the eye, wllh appUcailons 
in the Investigation and diagnasis of dlsaasss that affeot the posterior chamber of 
lh9 syaball. TTia Indention will be deeoHbed by referance to such appiieaflons. But 
it Is envblonsd that me apparatus and method of the present Invention may be 
used for stereoeeopio imaging in other medical processas. 

BaclCQrounii Ai^ 

VIeuallsatten of the ocular fundus ean provide impeitant infonnatlon about 
the state of the eye and of the body. Infonnadon eoneeming ocular and systemic 
diaeosea. such aa glaucoma, macula degeneration, diabetes or hypertension can 
be gained from examination of the posterior pole of the eye. In the past, imaging 
of the ocular fundua has been performed by means of an ophlhalmoseepa. with 
which ft direct view of the retina can be obtained. Other methode indude the use 
of fundus oamefas to obtain photographic images. However, these teehniquee 
■ usually require the use of mydrlatie dilating drugs. The amount of light required lo 
iiiuminote the fundus may aiso be uncomltaftahle for the patient. 

I^eoent devciopmenta have resuHed in tna emergence of a new imaging 
Instniment for the opfithaimoiogist. In which an Image of the eye may be obsen/ed 
in real-time end captured on a television monitor or eeraen, during precedurea 
auch as fluorescein angiography. This instrument, known aa a Scanning i^sr 
Ophthalmoscope (8L0). tiret described in US Patent 4,219.67fi, is ounently used 
to produce representations of the ocular fundua in two dimensions. U6 Patents 
4.768.730. 5.288.711 and S.430.S09 describe different embodiments of the 
scanning laser ophthalmoscope, au utilise a iaasr beam or light aeume that la 
fllfBCted thftjugh the pupil and onto the retina by way of two^ireetional, seanning 
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mochaniams. Light from the lasar is rsflaeted off the retinal wall toviwds a 
photeeansHiva detection devico. Electro-opllcat dreuitry is employed to convert tha 
light Into synchramzid signals, so that it is possible to display an image of tna 
ftjndua on a television screen or monitor. 

However, although the optic disc region and retinal layers have a three 
dimensional atructure. the existing SLO tsohnoiogy deaoribed above does not 
permit atereoscopio viewing of the ocular fundus. Stereosoaple images of the 
ocular fundus can Impart valuable infemiatien that eannot othaiwiss be derived 
from a tvw dimensional representation. eBpeclally in relation to the diagnosis of 
glaucoma. Efforts have therefore been made to create a device capable of 
producing three dimensional fundus Images, while improving on the oontrast and 
resolution of oenventionai SLO Images. 

Frambach, Daeey and Sadun (1 992, 1 993) descHbe a method of produelng 
a three dimensional ftihdua picture during fluorescein angiograph/. using a 

15 modified SLO. To obtain stereoscopic data the SLO was manually moved fnsm 
side to aids during angiogram proeaedlngs. muoh like a fundus camera is moved 
to enable viewing from two different positlona. Individual fremee from the video 
tap© were chosen from left and right perspectlvee to provide a ihrea dimansional 
image. An alternative approach employed by the Framiaach et al. involved the use 

20 of a modified AUsn separator. A piece of flat giasa was attached to an extended 
rod. which was coupled to the Alien separator, so that the glaBs was Interposed 
between the eye and the SLO. The glass was then rapidly rotated to provide the 
left and right perspeetlvea. The resulting frames were digitizfid by compuiar and 
viewed directly on a video screen. Superimposed Images were fonred by breaidng 

25 a stereo pair down tnte eonvspending fields and reoombining them to form a 
single frame. LCD glasaaa were then used to view the left and right fields with 'the 
corresponding eye in turn.- 

These diselesures liluetmte that achieving a stereoscopic image fmm a 
conventional scanning laasr aphihalmoseepe is possible. However, the meinods 
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rnvolvQd a numbor of d(8advantB0BB. Ftambaeh et al/« firet method of 
ahming me SLO Involved •wkw.rd and confusing adfustments. resulting in poor 
stareowopic imag, quality. The socfind method also had the diaadvantage that 
imerferenoB due to unwanted back raflactiana from the Allen aeparator would 
5 hinder the tranamlsaion of Stersoacopk. informallon. Unnsqulnsd aeaqered light 
would Impinge en the photodelactlng elamsm. causing a dacn^aae In the contiesi 
and resolution of ttifi Images. 

ifnpnsvemenla In SLO image reaolutfon end contrast are possible If the 
dewctor racelva. light only from the plane of Intanisi and net aeattered light fn»m 
the media of the eye. A aeanning iwer cphthalmoaoope that could provide high 
maolutton. high eentraat imagea ol an ocutar fundus waa realised with the 
Invenlten of (he confocal scanning laser ophthalmoaoopB (cSLO), auch as that 
deaoribad in Ufl. Patents 5.170278 and 5^71.248. The confocal 3L0 utilteea a 
Pinhole or silt ap.»u,« to fceua the light (efteetad from the fundus onto a 
pholodeteoting element. TTia aperture is locaJed at a plane in which me opaning Is 
corrlugate wHh the plane of the fundus of the eye. In thia way, only the light 
raflocted frum the plana of Infest Impinges on the photodstaetlng elamsnt and 
any light ecattawd or (sflsetad f»m out^f-fecue planes is prevented from 
degrading the image. 



15 



80 



Confocal acanning beer ophthalmoacopes are also ourranfly used to 
provide three dimensional Information eoneeming the ocular fundua. The cenfooal 
apemirs of the cSLO aflows the user to focus ptBoiaely on .peoHio laye« of the 

dlfrefBnt lavels in the fundus, to «p„,ouca cesi^d depth characterlsttes. In this 
as way s number of ^optical sections' can be pn,duced. A computer can then be 

r VT"' '"^ P"*- "^""^ins" « "taction of 

IT «««tens taken at dWei«,t levels of the mtrtla. Infonnatlon regarding the 
third dimension can therefore be interpolated. 

US Patent No. 4.900,144 (also see Optics Communfaatlone: e7(i.8)j«-i4) 
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describe, a scanning laa«, ophihalmoaoepe that employs an allematlve confocal 
tecuMhg amtngomenL The Invention can p«duca a th,*e dimanslonal 
mprBSentailon of an objact that dleplaya multlplQ reflealvlly charactariatlce (aueh 
the ocular fundus) tnrouoM a mathod .lightly dlffa«,nt fram the conventional 
flonfoeal depth production methods daecribed atoove. This US patent leeches the 
ue. Of two eepamie confocal elk aperture and photodetectino unhe. The 
det«rt,on site a» Orientated paniliel to the di»ctlcn in which the light, raftected 
from the fundus, la aoannad. However; both elite are etlohtiy displaced f«m the 
normal poeitien: the apertures are not conjugate with the fundus of the eye. One is 
POBllioned sllghiV forv/ard of the ccnjugsle plane, while Ihe other Is placed to the 
r»ar. Owing to the positioning of the confocal apertures, the output signals Irom 
^ photod«tsctors va,y In intensity aocoitltng to the unevenness of the fundus. 
The resulting output signals are processed el.ct«nlcally by division calculation., 
detailed In US Patent No,4.W0.144. to ottein a three dimensional profUe. The 
fwultant real^me Imaga displays the topography of the fundus through diffs«nt 
shade Isvsls. reflecting dlTtarant retinal depth levels. Software may also be used to 
ervata threa dlmenalena! graphic patterns. 

The methods descrfbad above use the depth discrimination, or axial 

20 atrangiy llmllad by two factors. FIn.tly. the shap. and aba of the laser light focus 
whteh b soannac over the rstlna may suffer f«m defomiatlone and distortion., 
particularly In the direction of the optical axis. This is due to the limited useful 
numerical apertum of the eye and Hs optical Imperfections. Furtheimore. the axial 

25 o"!n'^!!l l?nT'"' "^^ ''"'^'"•^ ^ ^» '^'^^ ^^^^^^ 
23 pinhole or silt. Owing to intensity limitations on the living eye It is often neae.sa,y 

to PJ^vide a detector aperture slae-that is larger than the optimal confocal plnhob 
.n order to maintain a sufficient signal to noise ratio. o«Hng to these two factors. 
h<. axial reeolutlon of a confocal eysta m is typically thirty times, lese than the 
lateral reeolutlon. 



Ifl 



30 



A further. toehnlque to produce three dimensional images of the ocular 
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form .n Image of foaiufea that are ailuated in « thin layer in the t>ack of the eye. 
The axial portion of thie layer to controlled t)y the mov/«bie mirrore in the reference 
am, While the Ihlckneaa of the layer is det«m,lned by the coherence length of the 
light eourca. In muoh the aame way as with a oonftocal scannlns laser 
ophthalmoscope a three dimensional image can be computed from a number of 
optical eectlono (transversal images) at diffenam axial poeittons. Alternatively, 
seana In only one lateml and the axial direction (x-z-ecan,) may be cemed out to 
moord longitudinal images. The image, acquired with this apparatus have a high 
depth resolution, tboui ten ihies better than a oonfooal eeanning laser 
ophthalmoscope. Howawer. the length of the obieot am, of the (nterferomator 
«arl.e with the aean and/or the focal poalHan ae well « wKh the position and the 
alM Of the individual eye which is examined. |i la therefor. Impmotioai or 
rmpoeslble to obtain quantitative data for the meaaurement of absolute distancea 
n the eye bsll. Furthemtore, with the described lay.out a .^duotlon in ^ocrdlng 
IS time is difficult due to bandwidth limitations of flie phase modu^lon ar,d the 
spaed of the galvo-soannets. 

A dual beam system as described by Baumgartner ef a/. (Journal of 
B^o^calOpttCB. dan. 1998. vol, a. no. i, 43.54) overcomes one of the aforesaid 
problems. An external inteffercmetsr produces a beam with two coaxial 

20 componenta which have a path difference of twice the difference In the am, length 
of the Interfemmeter. ThIa beam Is guided onto the eye. where parts of the beam 
are reflected fmm the comea • which acta as a reference surfaoe - and other parte 
are reflected from the fundus of the eye. if the opdcai distance between the 
eomea and e certain hindua feature matches the dlfferenpe in length between the 

25 Interferomoter em,s Mhin the accuracy of the cohemnee length of the light 
source) interference signala are detected. It.b then stralghtfon«art to get a 
readout for the distance in the eye ball from the positions of the two Interfemmeter 
mlnx,„. in order to achieve good elghal-tcnolse ratios for the .nterfen»nee 
detection a sub-component of the Illumination be«„ has to b. focused on the 

30 comea While the of the beam has to enter the pupil of the eye In a more or 
i»« oolilmale^ etote. In this contlguratlon the focMaed componom uavele through 

suns rrruTjc sheet 
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air only wnereaa the colllmated component has to travel Ihrough the dispersion 
caufllne oeuler medium also. It is demonstrated that a dtep.rsion compensailnfl 
element can there/era be ueed advantageously and an ^ reaoiutlen of onV a 
few mlcn,metres can ba achieved. To apiit the IllumbiaiIng l»am into a focueed 
and a colBmatad component Baumgartnar at al. use a spaoial F.«enel lens-IIke 
diffraotlve optJeai element which l« placed In ftont of the eye. However, the uea of 
this non-standard element can cause unwanted back rofleotlcne and transmiaalon 
•oasea. laiiarai scanning of the beam, which la nacaaeary to acquis deta not onK. 
♦or one point but for a line or an area of the retina, la aiao a^rely reatrfcted. 

In order to detect the occurrence of Interfarince a time variation In the 
Interference panam is naeecaa^. In this lay-out the Doppler-shlfl oauaed ty the 
moving referenc. mirror cn»te9 tills time variation. It is therefore not poBsible to 
recort a timltad coherence image of a layer of the retina for a fixed a)dal peehlcn 
of thll layer. 

Accordingly, there remalna a need to pravide apparatus able to be adapted 
« least in an embodiment, as a limited coherence aoanning ophthalmoaoope 
capable of aoqulrlng Imagea with a high depth resolution and of quantlfyfrigihe 
SD^orphology cf the back of the aye, which praferably \b not resttfetod by any of 
the aforomentloned limitations. 

It Is therefore an object of the present Invention, at least In one cr more 
prefawd ambcdlmente. to provide an improved method and apparetua for 
Preducing a high contrast, three dimensional representation of a scanned obfect. 
basad on both the high lateral resolution of the reflection charecteristica of that 
oblaa and the high axial resolution of the limted coherence reflecTomatty. 

It la a funhar object of the pre-nt. Invention, at least In an advaniagaous 
«PPlteatlon. to achieve ,he above ob/ect with a novel limited cohe«nce scanning 
ophthalmoscope design that Incon^oretee the use of additional beam spiming 
focussing and beam combining components to gain Information and quantitative 
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topographic data about the third dimanaion. 

Summaiv grf « ho 

in a flr« ..pact. ih. invantion provJdaa an Imaging appamtua for tfie ihrea 
dlmonaional Imaging and/or maaauramant of a surface Including: 

detectable mtorfaranos; 

in o.-* '0'«»Plfttlng said modffledbaam Into first 

1 Q and second beams; 

Moond beam modltying meens for mndlfying the pfopeitlea of 
atleaatonaofaaldflratandeacondbaama; P'^penieaof 

reaomfelning means for thereafter r«esmbinlng aaM firet and 

eeeond beams; 

15 'or direoiino said reoombinedflrat and second beams 

towanis said surface and aeannlng them aeraas the suffaee; and 

means for monitoring tha f|,,t and second beams after 
reflection and detacthg InterforancB of the reneetad flnrt and aeoond beams. 



'''^'^'^'/••""t'nWMI^et. the inveritlon further heludaaateer 
20 to vaiy a nodal point of the scanned fl^t and second beams. 



meana 



25 



'"*<«~*"y.»h«flrat first beam after aaldmodlfloallon of tha properties of at 
lw« one ot the first and aeoond baama is fbaused on s position in front of the 
surface for reflection at said posltien. The aaoend beam may be a COlllmattKJ 
beam at the scanning means, for being focussdd onto the aurfaoo. 

Advaniageoualy. the acannhg means !s aronged for scanning in at iaast 
two dimohoiena.- ' 

In an advantageous appacatton, the fipparatua ia for imaging and/or 
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Imtginj tfiparatM (gr tin mm d(ni.n.k«r,.i J 

. b«m «,u«. to, p„vl«„, . „ ^„ „^ 
• «™t bURnpiKMr tor spitting wo b.». into dm bm 
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30 ^ndb.J.'^"""'"""'""'"''*'^""--""-'-*"""- 



15 



SUMTTTUTE SHEET 



.Jun. 2003i|7:28J3 09-5FREEHILL8 MELB 613 92881567 FflX:4 No. 4892 P«P 



WO0Q/3S889 

PCT/AUmi4l4 



10 



'='P««udnB«t«Mm 01 ah«t eohor.no. iwgm- 

componenta; 

''"'^*^*P'"9'n«n« (or shaping saiaueam and/or Mid aub- 

... . - P°"»'^"«^" 'nfluertoing maans tor aantwllmg and ohanging che 
•polartaaaonatataofsaldbeamand/craaidsub^omponama: 

«nd recomwmng maana far aplHtlng and ra- 

combing aaid sub^mponanta; 
IS eirat facuasing means tor focu«i|„g ea,d .u^componams: 

a sacond baamsplltlar for aplittlno the sub^mponanta- 

» "'^"'*^"«'"Smaan«ferMh.rfecM«|ng«l«tttonaaub. 
component; 

flrat acanning maana for aoanning tha aub^omponants In a first 



a 



20 dlracflon; 

aeeond acannha meano tor rescanning tha aub^jomponenta in . 

converted fnto « raatar panem: 

**"^"'^'^'*''''«~«"9«««nguladwbaaaanddI»»otlnBaaW 
25 «"^°-pona„Uontoaaldft,ndu8andmaco.aaofaa(de,e«^ec«vr^^ 

light datactlng maana for detecting said Intarfaranoa pattern after re- 
combining «f|eetad Iljpht fwm aaid fundua and aaid cornea- 

^.tooting : anr""*^ "^""^ ^" 

.mage of a Jtl!:;;::."^"" "^"^ "'^ ^''""'^ ^'^'^V.ng an 
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P'*^««^V.inu-.. light t«V8tefrflm«ldbaam8Qu«e to said surfae- 
elong an .nput palh and. aftr «fl«:«on f^m said «urfa«. an output p«th wt.«l 
said input and output paths are Idsntical at Iwat In part. • 

s cn« '"'«rf»'«'"«Wo means having at laa.t 

mist "^'"^ ^^'^ ^^-^^rZl 

me^ may inolud. a fl^t baamsplftter and ^.0 rnlnor. whe^ 
mirrere Is movatsis and position oontrailable. 

on. J.!^^' T '"""s "^oduWng at least 

on© of tha Rrat and aseond beams ea tha mu* ^ 

The modulation mean, may Inolude an electroKjptto phase modulator or 
altemattvely a fibre ba««i phase modulator. ' ''^ 

""^y fnet^^e a mlrmr on a «aonant «»nner. or a 
18 <*««-«or,snd/oramI,«rmountadonaacannln8galvanometermotor. 

carrying cut length measurements. The computation means may typically Include 

suBanrruTE sheet 

(RULE2^R0/AU 



l.Jun. 2003l|7:28BO9:5FREEHILLS MELB 61 3 92881587 »X:+ No.4892 PfttP- 25l 



WOfliWMSS 

PCTMUp«/of«a4 



12 



16 



so 



computer hardwa« and/„r «fm„. such cof««ar« ru.y b. convonlemh, ^Cuda 

ZT' "n^fle features. «^,„g me«urement8 and predueing 

thfBe dimensional tepsiogleql data. 

: In a fouftn asp,et, th, invonfion provide a method for the three 

dimaneional imaging and/or measuremani of a aurfaca Includlnfl; 

modifying an incident beam of ahort cohorenoa length light to 

flnmrenea being oapable of prndudno a dataetabia interference; 

apiRlIng said modified beam into first and aaeond baama; 

«n«„HH """'"'^"^ flrst and 

•eoond beams and tharaaftr recombining said flrsr and second beame; 

«M . '^'"«»"'Wned firat and sacond beams towarda 

said surt^ea and ecanning them acrtsas the surface; and 

dot^tr , . . '"^"^ ^^fl'ofon and 

detecting Interference of the refleciad first and eeoond beams. 

The invention funhe. providee. In a fifth aepeot, a method for acannlng a 

and thnia dimenalonal tepolooloai data of «ild aurface. Including: 

««««Slng light beame of aheit coherence length along an input path 



Including: 



dirrsrenee: 



96 



SO 



pfllarltlng said beam; 

dIvKflng said beam into two aub^mponents with a defined path 

ittodulating at leaet one of aald sub t»mponenU; 

aplitUng said aub^mponente; 

foeustlngealdeub^omponents; 

re^ombmino «ald sub<component9; 

•canning aald eub^omponenla in a firet direction: 

soannino said «ut^omponento in a second diriotion different f^^m 
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said first dirociion; 

diraeHng said sub^Dmponenta through a b«am atserer to provide a 
hiangubtlon bass r,y impinging «ld eutscompcnents onto said surface from two 
tfimnnt pgaMgntf , 

' ™"**fl««W«"l»<«iH|wn«n«oiTO MM surface! 

wh.™by r.flM»d ngnt from Ma wrfM. travaoM an outgul pth 

to Wheats, ln.,e „„ vtew«, „d dl-r«„l»„^ bp,l,,l.a 

*-«*.« rtow .r. wh,™ ^p„prt.„ ^ ^ 

.nw^h»rt. w« b, d«o*«f, b, way or .ampi., ^ ^ ^ 

aecompanylnB (Srawinga. in which: 



S!0 



(ha present inventien; and 



2S 



Fldufi 2 Illuetmtea the proceaa of oata and image aoqulaltlon. 

umJ^!l"'"l ' -""bodlmant of the preaenf inwentten 

Udnse. a aupeHumineocent dbde «u«a 1 . or any other sultabte sou«e of ilght 
With a ahon coharanfi. length including coOlmatinB optica, which emta , i^nt 
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beam 2. Aliematlve»y. two or more light .ourcc« may be utilised to p»due« baam 
a. Thte beam Is directed inraugh a polarfser 3 onto a first beamaplltter 4 which 
farms part of an interfs«,aietrio sol-up 9. Components 5 and 6 of beam 8 are 
Impinged onto mirrors 8 and 9 respeeth/ely, and raflseted back to flmt beamSDHRer 
4. Mirror 8 is movable along the axial direction and the position of mlm,r fl is 
computer contnalled. Component 5 passes through the high fixed frequeney phase 
modulator 7 whioh continuously changes the phase but not the intensity or the 
polarisation state of eomponent 8. Altemaiivsiy. the Ooppiar ertaet may be used to 
oreato a treciueney shift in component 6 when moving the mln«r e. 

Beamsplitter 4 raoombines eompenents s and 6 to form beam 10 which 
consists of two subcomponents with a difference in path length deterniinsd by the 
poeMfons Of mfnore e and 8. The beam 10 passes through haif^ave plate 11. 
Which rotates the polarisation direction of the linearly polarised beam 10 and 
detemiinea the relative Intensitias of the components 14 and 13. AltemailveV. a 
variable mtarder In conjuneliofi with a quarter wave plate oan replaoe half ^«ave 
plate 11. 



Beam 10 la thengulded (through beamsplitter ie-see below) onto a second 
baarhaplftter In the fomi of polarizing beamsplitter 13. which produoee the two 
components, le Vm. and second beams u and is with perpendicular polarisation 
direotlona. Component 14 is Impinged off mirror 17 towanis lens 18 to pmduae a 
non<oiflmatad beam In such a way that oomponem 14 will finally be focused on 
the oomea of the eye 28. Altematlvely. a combination of lenses and/er flat and/or 
curved mirrors can replace lens 18. Component 15 passes through beamsplitter 
16. and a ponlcn of component 16 reaches the beamspllner 19. preferably a 
2S TTiompson Priam. Beamspimsr is ra^mbines components M end 18 to fomi 
beam 20. As mahtloned. ecmpcnent 14 is fooused on the cornea of eye aS. 
whepoaa eempenent 18 la coilirnated. 

The beam 80 Is dlreoted towards the focussing unit 81, consisting of a lens 
cr combination^ of lenses and mlnvre. 
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After loavrng the fgcusslno unit 21 th« beam is guided through the scanning 
unit 22 whsra a scan pattern ie produced to ^ggs areas of interest of the eye 
Within ecenning unit 22 a baam may be guided onto a .^aenant scanner or a 
rapidly stating multiple facet minor. ^Ich acts as a horfeontal aoanner. and 
5 aubeequamly onto a aman cu^^d mirror , wtilcf. ahapea iha beam mto a horizontal 
line. The baam may then travel to a verteaJ aeanner auoh as « galvanometer 
controlled mirror. 

After leavfng ttie scanning unit 23 the beam 20 pasaea tnreugn a beam 
atMnar in the form of beam ateering unit 23. which allowe for moving the nodal 

10 point Of the ecan pattern to different poaitlone within the pupil. Preferably, the 
beam ateering unit £9 oonalats of a pair of toggling mirrore. -nieee mlrrom are 
poaHIoned 90 that each difeeta the beam 20 onto the suifaco to-be imaged from 
two ellghtly different direcflona and poaWona, wKh aubrtantlally ovarlapping 
imaging areaa. They preferabty toggle eveiy alternate («me, euoh that vieual 

IS Irrfonnation ia .^ceivad fit,m the right and laft p.«p«st|yaajn aitamate framea. 
Allomallveiy. the two toggling mlrrofa could be aubatltuted with a aingie mirror that 
can cfiangs position prafaiably every ««ond frama or half frame, or a 
galvanometer mounted prtam or glaaa plate that ie eapable of Imaging fwm tha laft 
and fiew psrepactive every half frame. 

20 After leaving the beam ateering unit 23 the light la refleeted off a larae 

curved mirmr 24 before aniaring the eye as. Component 14 of the beam 20 ia 
focussad onto the eomea and i. reftected off It la provide a reference aignal 
Component 13 of baam 20 enters the ey. thnjugh the pupil and passes through 
the eya'a Internal rtnioture to reach the retina at the back of the fundus. The «ght 

Z5 to reflected off the retinal layers and exits thmugh the oupn. 

It will be appneciated that by fomr,lng component beams U. 15 before 

flexibility in lateral scanning. The prior oomple. diffractlve element in fn.nt of ihe 
eye is also avoided. 
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Th« mflQctfld team 26. indudlns r»«actlons of Incident components 14. IS 
traversed (ho Mm* output path u the Incident beam 20. Soamepilttsr i9 divides 
beam 26 Into a component that I. r«fieelad from the co™ and a component 
reOeeted from the fundus. The latter component raaches the non-polarlslng 
beamaplltrer 15 where parts cf the lighrfeftacted from the fundus form beam 27. 
The Intensity of beam 27 Is meaaur«d by photodeteetor 2a. preferably a 
photomuMplter tube cr an avalanche photodiode. to fomi- the slandanJ scanning 
ophthelmoacopb Imaga of the fundus of the eye. Altematlvoiy. focussing oDtlcs 
and/or an aperture may be pleoed in from of the pholodeteetor, or optional 
photodetwrtor 32 andAor 33 may be used to detect the standard scannirig 
ophthalmoeoopio image which is offset by the reflected intensity of the oomoa. 
Alternatively, half wave plate 1 1 may b. adjusted so thai component U vanishes 
Md photcdetectcr 32 and/or 33 detects the standard seanning ophthalmoscopic 
Image. Beamsplitter 13 re^ombinea the light which paaees through beamspllttsr 
16 16 With nght which.leavaa oeamsplltter 19. paeaes thmugh lens 13 and la i«fiec»d 
off minwr 17 to refomi beam 86. 

Upon raaehlns the third beamsplttter In the fomi of nonpolarizing 
beamsplitter 12. pan of the light Is reflected by the beamsplitter towards the 
polarising beamaplftter 28 which le rotated by 45-. Both the baama 30 and 31 

20 which are polarised perpendleular to eaoh other, contain reflected light from both 
the cornea and the fundus of the eye 2B. interference in both the beams 31 and 
32 Will occur when the path difference of the light reflected from ihe cornea and 
the light reflected from the fundus equals the optical distance between the cornea- 
and the fundus within the tolerancea of the cohar^nee length of the light eeuree 1 . 

2S Since the path difference of the two subcomponents of beams 1 0 and 20 is set by 
the positions of the mimsrs 6 and 9. the distance fn^m the fundus feature which Is 
imaged to the comes can be msaaured by detemilning Ihe positions of the mirrow . 
8 and 9 when interfersnee Is established. • ' 

The intensities of the beame 30 and 3i are detected using the 
30 photodelectora 32 and 33. by prefemnce phoiomultipller tubes or avalanche 
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photodiodM. Allomeillyely. foeusaing optic, and/or apertures may tie placed In 
front of the photodoteotors. Signal procassing means 34 and 35 eompare the 
elgnala from the photodatectofs 32 and aa with th, frequency of the phaae 
modutator 7 to nraegniae Intorfefenoe patterns. Altemath/ely. the aignab of the 
S photodetectors 32 and 33 can b. compa«d to a frequency reauiting f„m the 
Oopptef ahlft when moving mirror a. Altwnativaly. the signals of the 
Photooetectora 32 and 33 may be aubtracted f«,m each ether to reveal 
interference patterns. 

The eutpula of 'the photodeteaor 28 and the signal processing means 34 
10 and 35 are than sent to the computer 36. An Imaging board In computer 36 and 
eppropriate etectn»nte hardware and software eonvert these outputs and 
Information on the pesltien of the mirror e Into images, including three dimenalonal 
topologloBi repmentatlons of the fundus of the sy.. The images ar« displayed by 
computer monitor 37. It is then pcssiWe to calculate three dimensional distances 
16 between features chosen by the computer oper«icr fn,m those Images. 

ReferrfciB to Figure 2. a pref^n«d proeedurs of the present Invention utilieea 
a beam eoneisting of two subK»)mponent8 with a fixed path difference. The nodal 
.Point:.W the scannino pattern Is leoaied at the cornea at position A. Lateral 
scanning takes place and a standard ophthalmosoople image la recorded 

20 Simurtaneousty. the pobits and/or areas wher« Interterence ooour, an- marked In 
a different colour on the aame image, in doing so. the claealflcatlon of these 
features whteh cause the interference le facilitated. The Image I. stored and the 
nodal potni of the acanning pattern Is moved to posldon B. Again, latent scanning 
takes place and the pdnts and/or ar^as of lnt.,<a,onos overiaW onto a standard 

25 ophthalmoaooplc Image a« nworded. After atonng the image the path difference 
between the sub-oomponenta of the Illumination beam Is changed by a certain 
amount (step width) ar^l Images at the posWons A and B a.^ acquired In the same 
manner as described above. The p^cess of changing the path dlffSrence 
between the subcomponents of the Illumination beam and the acquWtlon of 

80 .mages at the positions A and B continue, until the fun three dimensional of 
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interoat of the fundus of th« aya is covsred. 



as 



.n order to determine tf^e dtetanee of Ttfie foature D from the reference line 
AS computer software is ussd to detect those images \n the etacke of Imaaee 
reecrdad frt,n, poeitlons A and B respectively vwhe« the feature D Is maifced as 
cauarng Infrfsr^nce. The path difference betwsan the sub<omponent8 
assodatod with these Images is a maoawro of the distances AD and BD, 
reepeotivsly. Th. diatance AB is gontrailad by th. posltione of certain optics) " 
elements of the apparatus ehown In Rgure i and iherBfora alec known. As a 
result, the triangle ABO is completely detam^in^i wiihoul meaaurfng any angles 
Tnanguiaiton methods can now u,ad to calculate the length of any line. 
Inoluding the height h (the height of triangle ABO along CO) and the value of any 
angle of this triangle. 

Further infem^ation such aa the value of the refraetK/a Index ean be 
obta^ed itom angular measurements. The nodal point of the scanning pattern 
may be placed at ppeitlcn G on the cofnea. haifwrny between peaitlona A and B. 
Tlie horizontal scan angle under which the feature 0 Is Imaged correspond, to a 
certain position of the horfecntal scanner of the apparatus shown in Rgure 1 and 
can Be detected. Th^ angle p, which describes the direction a beam has to trmvei 
fmm poeWon C to reach feature 0, oan be calculated using trigonometric 
methods. The reftuctiv, index Is then g^en ae the quotient of sin and sin 0. 

Modiflcatlcn Within the spirit and scope of the aforementioned Invention 
may be readily effected by a person sknied In the art. Other sltematlwo 
imbodlmente would lm«,^e the use of fibre^ptio based light delivery systems 
includino flbrsHsptlc based oompopents for beam «>littlng and re^omblng and 
phase modulating. The poeltion of the beam epilttlng. focussfng and r^mbining 
unrt which is used te produce a reference' beam fooussd on the cornea, may be 
chenged within the layout of the complete set-up. The process of Image and deu 
acquisition may also be altemd. for example. a.lal seannlng may be carried out tor 
a fixed lateral position or h oon|unotlon with a line scan, it Is to be underetood. 
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lherefor«. mm this Invantlon ia nol (Imltod to the particular embofllments and 
methods desoribid by way of example nareinabova. 
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0LAIM8 

1. An Imaging apparatus for tfis thme ciimsnsional imaging and/or 
measuremeni of a surfao« inoluding: 

first beam modifying means for modifying an Inoidsnt beam of 
S short oohsrenoe tengtl, light to farm a modified beam of fimt and second 
components navmg a mutual path different, and being capabis of pmducing a 
detectable inlerferense: 

beamaplltting means for splitting said modified beam into first 

and aacond beams; 

^ ° ""^""^ modifying means for modifying the prapartfaa of 

at least one of said firat arid second beams; 

weomblning means for Ihareaftar raeombining said first and 

seaond baama; 

^ , '"^^^ for diraeting eaid reoemblned flnst and second beams 

15 towards said aurfaea and acannlns them across the surface; and 

means for monitoring the first and second beams after 
rafleotlon and detecting miarferBnca of the reflaotad firat and second peama. 

a. An Imaging apparatua according to oialm i further including atearing 
means to vary a nodal point of the scanned flrst and second beams. 

80 3. An imaging apparatua aeeonllng to claim l or 2. wherein said firat 

beam after aaid modificBtlon of the piopartiss of at laaat one of aaid first and 
second beams is focused on a position In front of said surface for refieotion at said 
position. 
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4. An imaelng apparatus aecoraing to claim 3 wh«rein said second 
beam Is a eoinmated boam at said aoanning maans. lor being focusaiKl onto aaid 
aurfaes. 

5. An Imaging apparatus accoRlino to «ny pracading otaim wherein said 
5 soannlng maans la arranged for eoanning in at le«t two dlmenalona. 

e. An imaoino apparatu. aoeerding to any precedtng claim, further 
nduding one or more aourca. of aald Incident baam of ahort ooherenoe length 
light, • 

7. Anlmaglng apparatus according to any praoading claim wnereinaald 
10 flnt beam modifying meana ineludaa means to modulate the phaaa dlfferenoe 

between said first and second oomponente, 

8. An imaging apparatus according to any preeedlng claim whsrein aald 
firat beam modifying meana ingludea means to polariie aaid firet and aacond 
components. 

16 9. ^ImaolnB apparatus according to any pleading Claim wharein aald 
firat beam modifying meana Indudea Inteitaremetric meana having at least one 
optieal ami with adjustable mirror meana. 

10. An imaging apparatua acceding to any preceding eiaim. further 
ncluding beamaplltting means for deflecting aald reflected firat and second beams 

ao to aald monltonng and detecting meana, when aaid reflected beama ai« «tumod 
along the optical path of the Incident reoombined firat and second beams. 

11. An Imaging apparatua aceoidlng to any preceding claim wherajn said 
aacond beam modifying means includes tMam focusing meana. 

12. An. Imaging apparatus according to any preceding claim, including 
25 means for varying the dlr^tion cf inoldance of said ^combined beam towania 
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said surface, whereby io obtain at said monitoring and deteciinQ means altemata 
Iftft and right frnagaa of Gubstaniiaily overlapping areas. 

13. An inwging apparatus aeoording to any praeoding claim, for imaging 
and/or meaauitng a aurraea eempriaing an ooular fundus. 

5 14. An Innaging spparatua according to claim 1.3 whorttin said Incident 

beam Is a laser beam, and the apparatus funotlons In uaa as a aoanning laaar 
ophthalmcaeope. 

1 5. An imaging apperatua aceonling to claim 1 3 orl 4 wherein said flrat 
and aeeond beama are raspaetivaty a focuaaed beam arranged to ba at laaat 

10 pailkily reflactsd from me cornea of an eye and a ooliimated beam tdr Deing 
focuaaad by the aye onto fta ftjndua for reflection ihereby. 

16. An imaging apparatus according to any praoading claim, further 
including Image analysing mean* to obtain three^imenalonal topological data of 
said surface. 
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, 17. A method for the three dimensional imaging and/or measurement of 
a aurfboB friciuding; 

modifying an incident baem of ahert coherence length fight to 
form a modtfiad beam of first and aeeond components having a mutual path 
difference and being capable of preduerng a detectable interfetwica; 

epiittlng add modlflad beam into first and second beame; 

modifying the prapeitles of at least one of said fifet and 
aeeond beama and thereafter reoomblning said flrat and aeeond beamai 

difeeting aald rseemblned' first and second beams towards 
said aurfaoa and aeanning them aerese the aurtaeas and 

_ monltottig the first and second beams after rvfleotlen end 
deteoting Intorfensnce of the reflected first and aeoend beams. 

1«. A method according to claim 17 further Inoluding varying a nodal 
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point of the scanned first and seeond beams. 

1 9. A method according to claim 17 or 18. whansin eaid flwt beam after 
said modification of the prepertlae of at least cne of aeld first and second beams is 
foeusaad on a position In from Of eaid surface fbr rafteotion at eaid position. 

5 20. A method according to claim 19 whervin said soanned second twam 

Is a oolllmated tern for being feeussed onto said surface. 

21. A methQd according to any one of claims 17 to 20 wherein said 
acanning I9 in at least two dimensions. 

22. A mathod aeoording to any one of claims 17 to 21 wherein eaid 
10 modifying of eaid inddeht beam lnolud«i „,edulailng the phaae dWemnce 

between said first and seoohd components. 

23. A method acoordhg to any one of daims 17 to 22 wherein aaid 
modifying oi said incident beam hdudee polaridng said first and second 
components. 

ia 2A. A method according to any one or dalms 17 to 23 further Indudlng 
dsfleoting said rafiected fintt and second beame for said monltortng and deteding, 
When said reflected beams an> returned along the optical path of the Incident 
recQfTiblned (Irst and aaoond beame. 



20 



8S. A method acconJing to any ens of claims 17 to 24. Including varying 
the dlr«ctton of Inddsnee of »iid reoomblnM beam towa«is said surface, whereby 
to obtain for said montermg and detecting altomaie lert and right.. Images of 
substantially overlapping , 



[areas. 



26. A method aceonjing to any one of olalms 17 to 2S, wherein aaid 
surface Is an ocular fundus. 
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27. A mathed according to claim 26 wher9in said ineidsnt beam is a 
laser beam and sard mothed includes acanning laMroonmalmoscopy. 

28. A mamod acconltng to olalm S6 or 27, whfirain aaid first Br>d second 
baama are ntepeetively « focuasad beam arranead to be at laaat partially reflaeud 

S trom the cornea of an eye. and « eolUmated beam for balng toeusaad by the eye 
onto fts fundus for reflection thereby. 

29. A msthod aeeordlng to any one of eiaims 1 7 to 29 . further including 
obtaining three-dimensfonal topological data of eaid surface. 

30. A method for acanning a surface with llght.beams of ahon coherence 
10 length to thereby preduoe an Image and three dimensional topologieal data of aaid 

aurface, includhg: 

directing light beams of short eeherenee length along an Input path 
polarising aaid beam; 

dividing aaid beam Into two sub-eomponanta with a defined path 



15, 



inoluding: 



difference; 



modulating at least one of said 8ub eemponanta; 
splitting said aub-oemponents; 
focussing said sub-components; 
re^omHnlng said subcomponents: 
scanning saw aub-componente In a flret direction; 
BoannIng aaid subcomponents in a second direction different from 
8«Id first direcHon: 

ditecting eatd subKromponents thmugh a beam steerer to provide a 
28 tnangulatlon base by impinging said 8ubs»niponents onto said surface fmm two 
different posittcns; 

refleeting aaid sub*oamponen(8 onto said surface; 
Whereby reflated light from said surface traverees an output path 
identteaj at least in part to said input path, indudhg apntthg aaid aub-componenis 
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and directfng a pcr«on of ,h. split 8ul,^,.pona„,« through an apenure mean, 
towante detecflnu msana coupted to sign., processing mean, and dlapiay manna, 
wh.,, y roauttant l.ag. can ^aw«d and ^.a dimensional t^fogiel 
data of said surface can be obtained. 'spoiogica. 

31. An imaging appamws for the three dimansfonal Imaging and 
measurement Of a surface Including; 

a beam eouree for pibvidlng « beam of snort coherence length light; 
a flret beamsplltiep fbr splitting said beam imo first and second 
components of short eehersnee length llghi: 

means for pitdudng a path dlfferenee between said ff«t and second 
oofnpGndnts; 

a second beamsplitter for splitting said beam into first and second 

IS «w« ♦ Edifying tiiepropertla. of at leaat one of 

IS said flpst and second beams; 

reeomUnmg means for recombining said flrat and seoond beams- 
focussing means for fbcueeing eald recomblnad fifrt and sseond 

Deams; 

2n ..A scanning saw meombined first 

^0 and seoond beams In llrst and second directions; 

'"^"'"5 « Wanflulation base by direetino 
« d recom ^ed fir« and second beams onto sa.d surtaoe f.m a L and 
second pcsilon and «fleothg said recomblned f,«t and sec^d beams tt^arafmm; 
8S beams: ^ "••""P"^'' splitting said reflected flmt and seoond 



second beams 
32. 



a detaetor for detecting the Interference of said r^fieoted first and 



An apparatus for visuallalne the ocular fundus of an eye and 
Pfovldmg three dimensional topological data of said fundus Including- 

a light sourae for producing ^ b-am of ohort coherence length; 
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an interreremeatar far dividing said beam into sub-components wltft a 
dafinad path dlffeninad; 

modulation means far modulating at toast one of tho said sub- 

eomponants; 

5 beam shaping means for shaping said beam and/or said aub. 

oomponenta; 

polarwaflon influoneing meana forconirolHng and changing th« 
polarisation state of said beam and/or said subcomponents; 

a first beamsplitter and recomblning means tar splitting and f«- 
10 combing aafd aub^omponsnts; 

first focussing maana fbr focussing said eub^mponants; 

a Mcond baamaplittar for splitting the sub-eomoonsnts; 

ascond toeuselng maana for further f oeusslng at loaat ono sub- 
component; 

IS first scanning moans for soannlng the sut>oemponents m a firat 

direction; 

second scanning means for reaoanning the subcomponents In a 
aeoend direcUan subatandaliy parpandlcular to said first direotton and thsraby 
oonveiisd Into a raster pattem; 
20 a beam atearar ftor creating a triangulatlon base and dlraeiing said 

«ub-componente onto said fundua and tha cornea of said eye raapeedveiy; 

light dsteaUng means for detecting said Interferenee pattam after re- 
combining roflacted light flom said fundus and said eomea; 

afgnal prDosasIng maana forpraceaslno aignais from said nght 
25 detecting means; and 

display means for raealving sold precasaad signals and displaying an 
image of said fundus! 
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